ABSTRACT
Sunflower (Helianthus annuus L.) oil is the fourth most important vegetable oil in the world trade at present with an annual production of around 9 million tonnes and a cultivated acreage of over 22 million hectares (6) . In the Republic of Moldova sunflower is in second place according to cultivated area (252 000 ha in 2010) after cereal crops. The anual production of sunflower was 382 000 tonnes in 2010 and 427 000 tonnes in 2011 (17) .
One of the main approaches for increasing the sunflower seed production is development of high performance hybrids, which is usually a long and expensive proccess. The correct selection of parental form combinations is one of the major problems during the creation of high quality hybrids. This process can be facilitated by the application of different available molecular biology techniques. For example, fingerprinting of valuable genotypes opens posibilities for passportisation and protection of elite germplasm (23); estimation of genetic distance can be successfully used in the prediction of hybrid heterosis and selection of parental forms (9); MAS techniques can facilitate the determination of genotypes with valuable traits (3), etc.
There are, in fact, different types of molecular markers available for sunflower fingerprinting, such as RAPD (16) , AFLP (11) , and SSR (19, 25) . Microsatellite markers represent one of the most widely used type of molecular markers for fingerprinting (27) , marker-assisted selection (4), genome mapping (14, 21) , genetic polymorphism estimation (14) , phylogenetic and populational studies (7, 8) , because of the high level of polymorphism, reproducibility of generated patterns, codominant inheritance, low cost and easy implementation. These characteristics promoted the elaboration of large SSR marker sets for different plant species, e.g. rice (14, 15) , barley (20, 26) , wheat (24) , maize (22) , soybean (12) , tomato (10), rapeseed (13) , potato (2), and others.
The first saturated sunflower SSR genetic map was developed by Tang et al. (25) . This genetic map was constructed using 94 RHA280 × RHA801 F 7 recombinant inbred lines (RILs) and 408 polymorphic SSR markers. Thus, 879 SSR markers were developed and 579 of these (65.9 % of the total) were polymorphic among four elite inbred lines (RHA280, RHA801, PHA and PHB) (25) . The construction of the first saturated map opened up possibilities for broader use of sunflower microsatellites in diverse experiments.
Thus, the aim of our study was to fingerprint ten sunflower parental lines obtained and used in breeding programmes in the Republic of Moldova and to estimate the genetic distances between these lines for selection of parent pairs.
Materials and Methods

Plant material
Investigation was performed for 10 sunflower genotypes: Rf lines (Drofa, LC Raus, LC 637, LC 7, and LC 39) and CMS lines (Drofa, Xenia, LC 40, LC 38 and LC SW 391A) provided by AMG Agroselect (Republic of Moldova, Soroca). The plant material was grown in pots with sand for 10 days under normal conditions.
DNA extraction and PCR conditions
Genomic DNA was extracted from ten-day-old etiolated seedlings, using a CTAB standard protocol (5) with some modifications. The quality and quantity of the extracted DNA samples were determined spectrophotometrically and by 0.8 % agarose gel electrophoresis in a TAE system. Bulked DNA samples were used for further analysis. Primers were chosen on the basis of scolarly publications and the Sunflower CMap Database (http://sunflower.uga.edu/ cmap/), by the level of polymorphism and their successful use for sunflower genotyping (23) .
MICROSATELLITE MARKER APPLICATION IN SUNFLOWER (HELIANTHUS ANNUUS L.) FINGERPRINTING
SSR analysis
The amplification profile was analyzed on an ALFwin™ Sequence Analyser (Amersham Bioscience Trading GmbH, Vienna, Austria) after electrophoresis in a 6.0 % denaturing polyacrylamide gel.
Cluster analysis and Polymorphic Information Content (PIC) estimation
The obtained profiles were scored for the presence [1] 
where p i is the frequency of the i-th band and n is the number of bands observed.
Results and Discussion
Out of 13 pairs of SSR primers used for genotyping of sunflower lines, three primer pairs (ORS432, ORS546, ORS595) generated unclear profiles with stutter bands, and hence, were excluded from the analysis. The other primers: ORS78, ORS237, ORS243, ORS349, ORS366, ORS509, ORS656, ORS811, ORS815, ORS836, showed different levels of polymorphism. The average value of the parameter PIC was 0.57; the highest value of 0.76 was obtained for ORS815 and the lowest one (0.43), for ORS237 ( Table 2) . One of the investigated primer sets ORS656 was monomorphic; it showed only one 203 bp allele in all analysed genotypes. A total number of 34 alleles were detected and the average number of alleles per locus was 3.4.
Thus, seven (ORS78, ORS237, ORS349, ORS366, ORS509, ORS811, and ORS836) out of 10 markers were found suitable for fingerprinting of the above-mentioned sunflower parental lines. The combination of these markers created specific profiles for each genotype. Based on the estimated allele sizes, formulas for each genotype were composed ( Table 3) . The Performed SSR analysis revealed homo-and heterozygous states of the investigated loci in the analysed genotypes. For example, the primer pair ORS811 in genotype Drofa Rf generated 2 alleles of 114 bp and 156 bp (heterozygous state of the locus), but in other genotypes we had only one allele (156 bp for LC Raus Rf and 113 bp for LC 637 Rf) (Fig. 1) . One out of 10 investigated lines demonstrated a presence of 4 loci (out of 7) suitable for fingerprinting in the heterozygous state, which could be due to heterogeneity of the investigated genotype, duplications of microsatellite loci (19) , or genetic impurity of the selected material.
The diversity between the studied genotypes was estimated by means of cluster analysis (Fig. 2) . The dendrogram (Fig. 2) shows that the maternal and paternal genotypes can be clearly distinguished; with the sole exception of genotype Xenia CMS, which was clusterized separately from other genotypes, forming the third cluster. Overall four clusters were identified: the first one, consisting of maternal CMS genotypes -LC 40 ASC, 38 ASC SW LC, LC ASC 391A; the second one, of the genotypes Drofa CMS and Drofa Rf; and the last one, of only paternal genotypes -LC Raus Rf, LC 39 Rf, LC 637 Rf and LC 7 Rf.
